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Background: Hospilal pharmacy is responsible for conlrolling and monitoring the medication use process and ensures the timely access 
to safe, effective and economical use of drugs and medicines for patients and hospital staff. 

Objectives: This study aimed to optimize the management of studied outpatient pharmacy by developing suitable queuing theory and 
simulation technique. 

Patients and IWethods: A descriptive-analytical study conducted in a military hospital in Iran, Tehran in 2013. A sample of 220 patients 
referred to the outpatient pharmacy of the hospital in two shifts, morning and evening, was selected to collect the necessary data to 
determine the arrival rate, service rate, and other data needed to calculate the patients flow and queuing network performance variables. 
After the initial analysis of collected data using the software SPSS 18, the pharmacy queuing network performance indicators were 
calculated for both shifts. Then, based on collected data and to provide appropriate solutions, the queuing system of current situation for 
both shifts was modeled and simulated using the software ARENA 12 and 4 scenarios were explored. 

Results: Results showed that the queue characteristics of the studied pharmacy during the situation analysis were very undesirable in 
both morning and evening shifts. The average numbers of patients in the pharmacy were 19.21 and 14.66 in the morning and evening, 
respectively. The average times spent in the system by clients were 39 minutes in the morning and 35 minutes in the evening. The system 
utilization in the morning and evening were, respectively 25% and 21%. The simulation results showed that reducing the stafTin the morning 
from 2 to 1 in the receiving prescriptions stage didn't change the queue performance indicators. Increasing one staff in filling prescription 
drugs could cause a decrease of 10 persons in the average queue length and 18 minutes and 14 seconds in the average waiting time. On the 
other hand, simulation results showed that in the evening, decreasing the staff from 2 to 1 in the delivery of prescription drugs, changed 
the queue performance indicators very littie. Increasing a staff to fill prescription drugs could cause a decrease of 5 persons in the average 
queue length and 8 minutes and 44 seconds in the average waiting time. 

Conclusions: The patients' waiting times and the number of patients waiting to receive services in both shifts could be reduced by using 
multitasking persons and reallocating them to the time-consuming stage of filling prescriptions, using queuing theory and simulation 
techniques. 
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1. Background 

Major changes and challenges in health fields and the 
important position of outpatient treatment in whole 
system of health services ascertains the necessity of ac- 
curate planning and management of these centers (1-4). 
Because of the limited equipment and human resources, 
hospital managers try to provide the best possible ser- 
vices for patients and take some convenient measures to 
improve satisfaction and profit by optimization of exist- 
ing situation (5-7). There are various quality assurance 
indicators. In outpatient hospital departments, the main 
indicator is patients' waiting time (8-10). To improve 



service quality, the waiting and service times are consid- 
ered (u). Lots of people choose private centers for their 
high-quality services and, accordingly, the overcrowding 
and long waiting times in public health centers are be- 
ing prevented (12-14). Long waiting times in health cen- 
ters can lead to increase the severity of disease and cause 
socio-economic costs. The results of some studies on as- 
sessing patients' satisfaction showed a direct correlation 
between patients' satisfaction and the waiting times, and 
indicated a negative effect of long waiting times on to- 
tal patient's perception of service quality (15-17). A phar- 
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macy, like other service-centered industries, works in a 
competitive environment (18). Although customers com- 
municate with different departments of hospital, a high 
percentage of outpatients refer to the pharmacy for their 
drug needs. These patients come to pharmacy after being 
visited in medical clinics or other hospital departments, 
where prescription filling is being performed. Queues 
are made when the amounts of patient's arrivals exceeds 
the rate of service delivery. Long waiting times affect the 
pharmacy's efficiency and cause patients' dissatisfaction 
(19, 20). The results of some studies indicate a strong cor- 
relation between total customer satisfaction and their 
satisfaction from drug services (21-23). The main variables 
determining the waiting times for an outpatient phar- 
macy include: 1: The model of receiving prescriptions; 
2: The sequence of work; 3: The percentage of staff work- 
ing (on duty); and 4: job interactions among providers 
working in the pharmacy (24). The Queuing theory is an 
analytical survey of waiting in queues as a comprehen- 
sive and scientific background in the operation manage- 
ment (25). Queuing theory uses mathematical models 
and operational measurements to evaluate and increase 
customer flow in the whole queuing network (26, 27). 
Queuing theory has been used widely in some health ar- 
eas such as planning emergency care centers, transplan- 
tation waiting lists and pharmacy affairs (28-33). Queuing 
theory and its applications have been paid less attention 
in the pharmacy performance management (27). In the 
pharmacy, the queuing theory can be used for assessing 
different variables, like the time of filling prescription, 
patient's waiting times, the time of drug delivery, consul- 
tations, ranking personnel and number of pharmacist or 
technician required to be employed. It can also be used in 
pharmacies with huge customer flows. Waiting in a queue 
is just one part of the queuing system. Queuing network 
is described by four elements: Entrance, queuing model, 
mechanism of service delivery and cost structure (27). 

Simulation is a reliable tool for evaluating and analyz- 
ing the plane of a new system or making required correc- 
tions in the current system and also suggests the needed 
reforms in controlling system and operational roles. 
Simulation employs a method to present information 
obtained from a constructed model based on observing 
work flow rotation in the current situation and other re- 
lated variables (34-38). Simulation is an approved tool for 
accurate and evidence-based decision maldng and pro- 
vides excellent outcomes in assessing and planning com- 
plicated and uncertain systems such as health systems. 
This technique increases our perception of the main 
problems and it's possible solutions through modeling 
and animating health system (39). In recent years, simu- 
lation has been used in health systems increasingly due 
to the progressive and increasing complexity of health 
systems, considerable capacity of simulation for model- 
ing complex and uncertain systems, and prominent im- 
provement in simulation softwares (40). 



2. Objectives 

This study aimed to investigate the queuing network 
in a military hospital outpatient pharmacy, to model its 
queuing system by simulation and, finally, to develop 
necessary strategies for improving service quality after 
reviewing proposed scenarios. 

3. Patients and Methods 

This was a descriptive-analytical study conducted in 
a military hospital in Iran, Tehran in 2013. This hospital 
was a public, specialized and subspecialized, referral, 
and teaching hospital with 40 departments including 
clinical, financial and administrative ones. The studied 
hospital had 812 available beds, 81% average bed occupan- 
cy rate, and average length of stay 4 days. On the other 
hand, this hospital outpatient pharmacy was a specialty 
pharmacy, which provided services to the patients in two 
shifts, morning (from 8 A.M. to 12 A.M.) and evening (from 
14 P.M. to 18 P.M.). The number of personnel in service in 
the morning shift was 4 (2 for receiving, 1 for filling pre- 
scriptions and 1 for delivering them) and in the evening 
shifts was 5 (2 for receiving prescriptions, 1 for filling and 
2 for delivering prescriptions). The study population con- 
sisted of all patients referred to this hospital outpatient 
pharmacy in two morning and evening work shifts. The 
sample size was calculated using the findings of previous 
study (41) and the following formula, assuming a = 0.05, 5 
= 5.12 minutes and d = l minute per work shift: 

n = ((1.96 X 5.12) / 1)^ = 100.705 

Therefore, we should select 200 patients in two shifts 
and because of eliminating possible sample, 220 patients 
were selected using systematic random sampling method 
in which the patients referred to the hospital pharmacy 
were studied from 8 A.M. to 18 P.M. in standard 30-minute 
intervals (assessed by a chronometer) and data on arrival 
times and the times of passing the prescription, filling 
prescription, referring to cashier, drug delivery and de- 
parture were collected by an observer using preplanned 
forms. Then, the collected data were analyzed using SPSS 
(Statistical Package for the Social Sciences) software, ver- 
sion 18 (SPSS Inc, Chicago, IL). In order to analyze queuing 
theory variables using the analyzed data, at first, the ar- 
rival rate (x) which was the number of clients entered to 
the pharmacy during the standard study time (30-minute 
intervals), and the rate of receiving services {]i) which was 
the time period of giving services to each patient per 30 
minutes were determined as pharmacy queuing system, 
and then according to these two parameters, the queuing 
network performance indicators of the hospital current 
state of pharmacy in two studied work shifts including the 
average number of patients receiving services, the average 
number of patients referred to the pharmacy, the average 
waiting time spent by patients in the queues, the average 
time that patients spent in the pharmacy, the average time 
of not receiving immediate services after entrance to the 
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pharmacy, and the utiUzation indicator of system were 
calculated. Then, a simulation model was developed using 
ARENA software, version 12 (Roclcwell Softwares Corpora- 
tion). After completing the queuing model, four scenarios 
were explored. In this phase, based on analysis of the queu- 
ing theory and pharmacy simulation model outputs, op- 
erational strategies for improving the hospital outpatient 
pharmacy's queuing system through available resources 
and optimizing the service delivery mechanism were pro- 
posed. This study was approved by the Medical Research 
Ethics Committee of the Baqiyatallah University of Medi- 
cal Sciences in December2012 (CH/7018/98). 

4. Results 

In this study, the patients were from an infinite popula- 
tion. The hospital pharmacy's queuing network was based 
on FIFO (First-In, First-Out) method in both morning and 
evening work shifts, and patients who referred earlier 
would be in upper priority of filling prescriptions. The 
pharmacy's queuing model in two work shifts was one- 
lined, multi-server and multi-phase. According to the field 
observations, 10-15% of patients requested over-the-coun- 
ter drugs and 85-90% of them requested the prescribed 
drugs. Initial data analysis showed that the amount of pa- 
tients' arrival to the pharmacy in the morning and evening 
shifts followed Poisson distribution, while the rate of pro- 
viding services followed Exponential distribution (Table 1). 
The queuing network performance indicators of the phar- 
macy are shown in Table 2. Using simulation technique, 
pharmacy's queuing network was modeled according to 
3 main stages of service delivery process and subsequent 
queues made in each related stations in the both two work 
shifts. The output of simulated model of the morning 



shift showed that 32.5% of all patients had been referred to 
the pharmacy between 10 to 11 A.M and patients spent 34 
minutes (by average) in the pharmacy. Patients waited, on 
average, 46 seconds in the delivery station and the queue 
length was less than one person (0.1) and 90.83% of patients 
had faced with no queue in this station (Table 3). The aver- 
age waiting time in the filling prescription stage, before 
referring to the cashier was 24 minutes and 24 seconds per 
patient and 61.7% of patients had faced with a queue length 
of more than 10 persons. Therefore, this stage was the most 
time-consuming stage of the service delivery process. Dur- 
ing delivery stage, the average waiting time was 1 minute 
and 33 seconds per patient and its queue length was a 
little longer than that in the receiving prescription stage 
and was equal to 48%people. The probability of queuing in 
this stage was 37.5%. The output of the simulation model 
showed that in the morning shift no queue was made in 
the receiving prescriptions and drug delivery stages. 

The first scenario explored in the morning shift was to 
decrease the personnel number in receiving prescrip- 
tions station from 2 to 1. The outputs of the simulation 
model based on this scenario are shown in Table 4. The 
second scenario was about increasing filling prescription 
personnel from 1 to 2 so that patients could refer to two 
prescription fillers. The results of simulation are shown 
in Table 5. The results of the simulation model of present 
pharmacy queuing network in the evening shift showed 
that 32.3% of patients referred to the pharmacy were 



Table 1. Arrival and Service Rate in Pharmacy's Work Shifts 
Work Shifts Arrival Rate (X) Service Rate (ji) 

Morning 14.87 14 

Evening 12.5 11.5 



Table 2. The Queuing Network Performance Indicators in the Morning and Evening Work Shifts 


Variable 


Formula 


Morning Shift 


Evening Shift 


Average number of patients receiving services 


r = A //i 


1.06 person 


1.08 person 


Average number of patients referred to the pharmacy 


L=Lq + r 


19.21 person 


14.66 person 


Average waiting time in queues 


Wq = Lq /X 


36.6 min 


32.59 min 


Average total time spent in the pharmacy 


W=Wq + 30/^ 


38.74 min 


35.19 min 


Average time of not receiving immediate services after 
entrance to the pharmacy 


Wa = 30 / (sf.i-X) 


0.72 


0.66 



Utilization indicator of system p=X/sfi 0.25 0.21 



Table 3. The Queue Length in the Filling Prescription Station in the Morning Shift 



Queue Length 


Queue Description 


0-5 persons 


25.8 of patients faced with a queue length of 0-5 people. 


5-10 persons 


12.5 of patients faced with a queue length of 5-10 people. 


10-15 persons 


23.3 of patients faced with a queue length of 10-15 people. 


15-20 persons 


30.8 of patients faced with a queue length of 15-20 people. 


20-24 persons 


7.5 of patients faced with a queue length of 20-24 people. 
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between 16 to 17 P.M and the patients spent, on average, 29 
minutes in the pharmacy. Patients waited, on average, 50 
seconds in the dehvery station and the queue length had 
been less than 1 person (15%), and 86.02% of patients had 
faced with no queue. The average waiting time for filling 
prescriptions and referring to the cashier was 20 minutes 
and 2 seconds per patient and 30.1% of patients had faced 
with a queue length of more than 10 persons. Therefore, 
this stage was the most time-consuming stage of service 
delivery process. 

During delivery stage, every patient waited, on average, 
for 1 minute and 26 seconds and the queue length was a 
little longer than that in the receiving prescription stage, 
which was equal to 0.52 people. The probability of queu- 
ing in this stage was 32.3%, it can be said that in the eve- 
ning shift, no long and time-consuming queue was made 
in the receiving prescriptions and drug delivery stages. 
The first scenario in the evening shift examined the re- 
duction of personnel from 2 to 1. The results of this sce- 
nario are shown in Table 6. 

The second scenario in the evening shift was to increase 
the prescription filling personnel from 1 to 2 (Table 7). 
Therefore, patients could refer to two prescription fill- 
ers. The results of the simulation model showed that this 
would decrease the average queue length from 5 persons 
to 2.02. On the other hand, average waiting time for pa- 
tients would decrease to 11 minutes and 18 seconds, which 
showed a decrease of 8 minutes and 44 seconds. 



5. Discussion 

Calculating the arrival amount and service rate in the 
studied hospital pharmacy indicated that the patients' 
arrival amount and service delivery rate followed Pois- 
son and Exponential distributions, respectively. Some 
international studies have found similar results and are 
consistent with the current study (42-45). In the present 
study, patients' arrival amount exceeded service deliv- 
ery rate, which is consistent with the results of a study 
conducted in a specialized hospital in 2012 where the 
entrance rate was 52 and service delivery rate was 6 pa- 
tients (45). The longest time spent by referred patients to 
the studied hospital pharmacy, both in the morning and 
evening shifts, was in the prescription filling stage, while 
in a study conducted on the patterns of responding to 
the patients' waiting times in an outpatient pharmacy, 
50.79% of patients' time had been spent for paying the bill 
(19) which is inconsistent with the present study results. 
The results of another study showed that there was a di- 
rect correlation between the time of filling prescription 
and total patients' waiting time spent in the pharmacy 
and there was a negative correlation between the time of 
filling prescription and service delivery rate, (46) which 
is inconsistent with the results of current study. Other 
studies, which have used the theory of queuing and sim- 
ulation models have identified the process problems and 
have introduced some improvement solutions. In a study 
conducted in an outpatient clinic of a public hospital, the 



Table 4. Changes Due to the Scenario of Reducing the Number of Prescription Receivers in the Morning Shift 
Title Before Reducing After Reducing Changes 

Average queue length Less than 1 person (0.1 person) Less than 1 person (0.2 person) Increasing 0.1 person 

Average patients' waiting time 46 sec 1 minute and 2 seconds Increasing 16 seconds 



Table 5. Changes Due to the Scenario of Increasing Prescription Filling Personnel in the Morning Shift 



Title 


Before Increasing 


After Increasing 


Changes 


Average queue length 


more than 12 persons 


Less than 2 persons 


Average decrease of 10 persons 



Average patient waiting time 24 minutes and 24 seconds 6 minutes and 10 seconds Decreasing 18 minutes and 14 seconds 



Table 6. Changes Due to the Scenario of Reducing the Number of Drug Delivery Personnel in the Evening Shift 



Title 


Before Reducing 


After Reducing 


Changes 


Average queue length 


Less than 1 persons (0.52) 


Less than 1 persons (0.64) 


Increase of 0.12 



Average patient wait time lmin + 26sec lmin + 57sec Increase of 31 sec 



Table 7. Changes Due to the Scenario of Increasing the Prescription Filling Personnel in the Evening Shift 



Title 


Before Increasing 


After Increasing 


Changes 


Average queue length 


More than 7 persons 


Less than 3 persons (2.02 persons) 


Average decrease of 5 persons 


Average patient wait time 


20 min + 2 sec 


11 min + 18 sec 


Decrease of 8 min + 44 sec 
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main problem was a time lag between admitting patients 
and the start of examining activities in the examination 
room (41). This problem was resolved by using a simula- 
tion model and redefining the physicians' attendance 
schedule. The results of mentioned study are consistent 
with the results of our study. In the current study, in 
spite of increased service capacity in the evening shift, 
compared to the morning shift, after adding one needed 
extra personnel in the service delivery system, the utiliza- 
tion rate decreased by 4%. In another study (45) the capac- 
ity of service delivery reduced after increasing the total 
number of physicians, so that the system performance 
indicator with 10 physicians was 86.6% that decreased to 
78.8% after increasing their number to 11 physicians. After 
increasing the total number of physicians to 12, 13 and 
14, the system performance indicator decreased to 72.2%, 
66.7% and 61.9%, respectively On the other hand, along 
with the decrease in the system utilization rate due to 
the increase in the physician's number, patients' waiting 
time in queues and in the system decreased, so that the 
waiting time decreased from 3.73 minutes with 10 physi- 
cians to 0.112 minutes with 14 physicians. These results are 
similar to the results of our study. In the current study, 
the approach of improving pharmacy's queuing network 
focused on optimizing that using available resources and 
changing queue's characteristics including the queuing 
system and servers' arrangements. In other words, a sim- 
ulation model was used after assessing current situation 
through queuing theory. In a study of using simulation 
models in the outpatients' queues (8), two main methods 
have been mentioned for changing queue's character- 
istics including changing the patient entrance process 
and changing the service delivery process. Because the 
change of patient entrance process was impossible in 
the present study due to the random entrance from an 
unrestricted population, we changed the service delivery 
process similar to the above mentioned study. The results 
of a study in a hospital inpatient pharmacy in Malaysia 
(47) showed a sharp decrease in patients' waiting time 
by adding an extra person for receiving prescriptions at 
the beginning of the service delivery process, which is 
consistent with the results of current study. In another 
study, the results showed that there was a significant de- 
crease in the consultation time and total patients' wait- 
ing time if one physician only provided medico-surgical 
care and another physician provided only dermatologi- 
cal care (24). On the other hand, results of a study (48) 
showed that prescription filling interruptions and delays 
can be reduced by employing and hiring appropriate 
number of employees in the peak periods of referring to 
the pharmacy In another study (49) the results showed 
that removing one or more physicians in each work 
shift did not have any negative eff^ects on the functions 
of the emergency ward, if this ward did not provide any 
services for the non-emergency patients, the results of 
the current study showed that reduction in the number 



of servers in some stages of the service delivery process 
did not have any negative eflfects on the pharmacy per- 
formances, which are similar to the above mentioned 
study results. Like our study, some other studies have 
decreased the studied patients' waiting time through re- 
arranging the combination of the service providers. The 
results of a study (50) showed that the patients' waiting 
time could be kept in an appropriate range by correction 
of the number and combination of nurses. By examin- 
ing diflferent scenarios, it was found that the problem of 
service delivery system was in the triage area and adding 
another nurse could decrease the patients' waiting time. 
In another study in a local hospital's outpatient clinic (51) 
researchers found that determining and assigning ap- 
propriate number of residents using a simulation model 
could reduce total patients' waiting time. In a study on 
using queuing theory to increase efficiency and effective- 
ness of hospital emergency personnel (50), reallocation 
of human resources according to the queue model, with- 
out any increase in staflf hours of service, could reduce 
the number of patients leaving the health center without 
receiving required services. The result of Su and Shih's 
study showed that the time spent in the hospital admis- 
sion unit could be reduced from 17.24 minutes to 3.15 min- 
utes using simulation models for analyzing workflow 
and the time related to each process as well as rearrange- 
ment of related processes. They concluded that queuing 
theory was an appropriate tool for determining the cor- 
rect model of personnel arrangement (52). The results of 
this study confirmed the results of present study which 
showed that employing multitasking personnel in the 
pharmacy could change queuing model and improve pa- 
tients' queuing status. Gunal and Hdd in their study (53) 
after examining two scenarios concluded that employing 
experienced and multitasking personnel could reduce 
patients' waiting time and improve service delivery rates. 
Also, in another study conducted on applying queuing 
theory in human resources management in healthcare 
(54), researchers found that patients' waiting time would 
be dramatically reduced if the other wards' personnel or 
free experienced personnel were used during the peak 
periods of referring to the hospital. The results of these 
studies confirmed the results of present study, the study 
results of a simulation model and multi-stages patients 
flow in outpatients clinics (55), after reviewing proposed 
scenarios, showed that the best queuing model was 
constructed when one patient entered the clinic per 15 
minutes and the service delivery time was considered 12 
minutes. The results of this study are inconsistent with 
the results of present study because of our unrestricted 
population and the impossibility of establishing a pre-or- 
dered patients' turning system. By reviewing the current 
situation of the studied pharmacy in both morning and 
evening work shifts, it was determined that the queu- 
ing model was one-lined, multi-stage (multi-phase) and 
multi-server, which was corrected by establishing par- 
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allel service lines in filling prescriptions stage through 
changing the number of servers. In a study on decreasing 
waiting times in a Nigerian hospital (56), the patients' 
waiting time reduced to 67% by applying queuing theory 
and changing pharmacy queuing model fi'om multi- 
queue and one-server to multi-queue and multi-server 
model. In another study (57) it was recommended that 
some measures should be taken simultaneously in order 
to decrease the total waiting time of patients who needed 
more than one medical treatment. This result is similar 
to the results of present study. Also, the researchers of a 
study on reducing patients' waiting time using simula- 
tion in a neurosurgery department (58) concluded that 
increasing medical residents from l to 3 persons could 
lead to the reduction of the average patients' waiting 
time in the studied department, and in the queues from 
40 to 12-13 minutes and from 28.45 to 0.4-1, 5 minutes, re- 
spectively. Furthermore, in another study (21) the average 
patients' waiting time decreased from 167.0 to 55.1 min- 
utes, a decrease of 67%, using queuing theory. Overall, the 
results of the above mentioned studies confirmed the re- 
sults of present study 

This study had a limitation, where the over-the-counter 
drugs and patients requesting such drugs were not con- 
sidered in the evaluation of scenarios. In conclusion, 
the studied pharmacy service delivery system could be 
improved by reallocating the available personnel and 
also reviewing and modifying patients' flow, without any 
additional costs, using queuing theory and simulation 
techniques. In other words, the patients' waiting times 
and the number of patients waiting to receive services in 
both shifts of the studied outpatient pharmacy could be 
reduced by using the multitasking persons and reallocat- 
ing them to the time-consuming stage of filling prescrip- 
tions, without making any perceptible changes in the 
queuing characteristics of other service delivery stages in 
the pharmacy. Therefore, a correct and careful analysis of 
the queuing characteristics of outpatient pharmacies in 
the hospitals could be achieved by using queuing theory, 
and the costs and personnel surplus could be reduced 
by exploring different scenarios using simulation tech- 
niques. 

Acknowledgments 

We would like to thank the heads and staff of the stud- 
ied hospital and its outpatient pharmacy for their kind 
cooperation with the researchers in collecting and ana- 
lyzing the data. 

Financial Disclosure 

There is no financial disclosure. 

Author contribution 

All authors have been contributed equally in writing 



the manuscript. 

Funding/Support 

There is no funding or supports. 

References 

1. Dodwad SS. Quality management in healthcare. Indian ] Public 
Health. 20B;57(3):B8-43. 

2. Zocchetti C. [Outcome evaluation: a challenge for epidemiolo- 
gists and an opportunity for health programming). Epidemiol 
Prev. 20l2;37(2-3):98-lOl. 

3. AJami S, Ketabi S, Yarmohammadian MH, Bagherian H. Waiting 
time in emergency department by simulation. Stud Health Tech- 
nollnform. 2011;164:196-200. 

4. Su S, Shih CL. Managing a mixed-registration-type appointment 
system in outpatient clinics. Int] Medlnforni. 2003;70(l):3l-40. 

5. Pilz S, Hulsmann S, Michallik S, Rimbach-Schurig M, Schollmeier 
M, Sommerhoff B, et al. [Quality Manager 2.0 in hospitals: A prac- 
tical guidance for executive managers, medical directors, senior 
consultants, nurse managers and practicing quality managers). 
Z Evid Forthild Qual Gesundhwes. 20r3;107(2):l70--8. 

6. Runnacles J, Moult B, Lachman P. Developing future clinical lead- 
ers for quality improvement: experience from a London chil- 
dren's hospital. BM] QualSaf. 20B;22(ll):956-63. 

7. von Eiff W. [Hospital management: quality and economy as 
management challenges for the physicians). Zentralbl Chir. 
1996;121(lO):817-27. 

8. Huarng F, Lee MH. Using simulation in out-patient queues: a case 
study /ntyWealt/i Care Qua! Assiir. l996;9(6):2l-5. 

9. Aeenparast A, Farzadi F, Maftoon F. Waiting time for specialist 
consultation in Tehran. Arcfi Iran Med. 20l2;15(l2):756-8. 

10. Scanzano P, Caracci G, De Michelis G, Casertano L, Duranti G, 
Mantuano C, et al. [Review and evaluation of waiting time indi- 
cators used in Italy]. Ig Sanita Puhhl. 2005;61(2):163-212. 

11. Helbig M, Helbig S, Kahla-Witzsch HA, May A. Quality manage- 
ment: reduction of waiting time and efficiency enhancement in 
an ENT-university outpatients' department. BMC Health Serv Res. 
2009;9:2l. 

12. Gorunescu F, McClean SI, Millard PH. Using a queueing model to 
help plan bed allocation in a department of geriatric medicine. 
Health Care Manag Set 2002;5(4):307-12. 

B. Stanford DA, Taylor P, Ziedins I. Waiting time distributions in the 
accumulating priority queue. Queueing Systems. 20B:l-34. 

14. Pillay DI, Ghazali RJ, Manaf NH, Abdullah AH, Bakar AA, Salikin F, 
et al. Hospital waiting time: the forgotten premise of healthcare 
service delivery? Int] Health Care QualAssur 20n;24(7):506-22. 

15. Pitrou I, Lecourt AC, Bailly L, Brousse B, Dauchet L, Ladner J. Wait- 
ing time and assessment of patient satisfaction in a large refer- 
ence emergency department: a prospective cohort study, France. 
£iir/£mergMed. 2009;16(4):l77-82. 

16. Filers GM. Improving patient satisfaction with waiting time. /Am 
Coll Health. 2004;53(l):41-3. 

17. Bar-dayan Y, Leiba A, Weiss Y, Carroll JS, Benedek P. Waiting time 
is a major predictor of patient satisfaction in a primary military 
clinic. MilMed. 2002;167(10):842-5. 

18. Heinsohn JG, Flessa S. Competition in the German pharmacy 
market: an empirical analysis. BMC Health Serv Res. 20B;13:407. 

19. Afolabi MO, Frhun WO. Patients'response to waiting time in an 
out-patient pharmacy in Nigeria.yo/P/iarm Res. 2005;2(2):207-14. 

20. Marquez-Peiro JF, Perez-Peiro C. [Evaluation of patient satisfac- 
tion in outpatient pharmacy]. Earm Hosp. 2008;32(2):7l-6. 

21. Ndukwe HC, Omale S, Opanuga 00. Reducing queues in a Nige- 
rian hospital pharmacy. A/ricanyo/pfiarm. 20ll;5(8):l020-6. 

22. Ashna Delldiosh R, Ardama A, Salamzadeh J. Decentralization 
and hospital pharmacy services: the case of Iranian university af- 
fiUiated hospitals. Iran JPharm Res. 2013;12(Suppl):183-8. 

23. Al-Arifi MN. Patients' perception, views and satisfaction with phar- 



6 



Iran Red Crescent Med J. 20i4;i6(3):ei6807 



Bahadori M et al. 



macists' role as health care provider in community pharmacy set- 
ting at lUyadh, Saudi Arabia. Saudi Pharm ]. 20l2;2O(4)323-30. 

24. Reynolds M, Vasilakis C, McLeod M, Barber N, Mounsey A, Newton 
S, et al. Using discrete event simulation to design a more effi- 
cient hospital pharmacy for outpatients. Health Care Manag Sci. 
20U;14(3):223-36. 

25. Patrick J, Puterman ML. Reducing Wait Times through Opera- 
tions Research: Optimizing the Use of Surge Capacity. Healthc 
Policy. 20083(3):75-88. 

26. Cayirli T, Veral E. Outpatient scheduling in health care: a review 
of literature. Oper Manage. 2003;12(4):519-49. 

27. Liebman JS, Lamy PP, Kitler ME. Further investigation of the use 
of queuing theory to predict manpower requirements in an out- 
patient pharmacy.Am JHosp Pharm. 1970;27(6):480-3. 

28. Blake JT, Shimla S. Determining staffing requirements for blood 
donor clinics: the Canadian Blood Services experience. Transfu- 
sion. 2013. 

29. Fibich G, Gavious A, Solan E. Averaging principle for second- 
order approximation of heterogeneous models with homoge- 
neous models. ProcNatfylcad Sci USA 2012;lO9(48):19545-50. 

30. Patrick J, Puterman ML. Reducing Wait Times through Opera- 
tions Research: Optimizing the Use of Surge Capacity. Healthc 
Policy. 20083(3):77-83. 

31. Takahashi T. Queuing theory under competitive social forag- 
ing may explain a mathematical equivalence of delay and 
probability in impulsive decision-making. Med Hypotheses. 
2006;67(2):276-9. 

32. Wiler JL, Bolandifar E, Griffey RT, Poirier RE, Olsen T. An emergen- 
cy department patient flow model based on queueing theory 
principles. Acad EmergMed. 2013;2O(9):939-46. 

33. Yang M, Ery MJ, Raikhelkar J, Chin C, Anyanwu A, Brand J, et aL 
A model to create an efficient and equitable admission policy 
for patients arriving to the cardiothoracic ICU. Crit Care Med. 

2013;41(2):414-22. 

34. Vemuri S. Simulated analysis of patient waiting time in an outpa- 
tient pharmacy.Am JHosp Pharm. 1984;41(6):1127-30. 

35. Buchanan EC. Computer simulation as a basis for pharmacy re- 
engineering. Nurs^ldm Q. 2003;27(l):33-40. 

36. Kane-Gill SL, Smithburger PL. Transitioning knowledge gained 
from simulation to pharmacy practice. Am } Pharm Educ. 
2011;75(10):210. 

37. Lin K, Tt-avlos DV, Wadelin JW, Masses PH. Simulation and in- 
troductory pharmacy practice experiences. Am ] Pharm Educ. 
2011;75(10):209. 

38. Tan WS, Chua SL, Yong I<W, Wu TS. Impact of pharmacy automa- 
tion on patient waiting time: an application of computer simu- 
lation. Ann Acad Med Singapore. 2009;38(6):5 01-7 

39. Aharonson-Daniel L, Paul RJ, Hedley AJ. Management of queues 
in out-patient departments: the use of computer simulation. / 
ManagMed. 1996;10(6):50-3. 

40. Turkmen A. Simulation in healthcare. Biomed lustrum Tkchnol. 
2013;47(1):3. 

41. Aeenparast A, Tabibi SJ, Shahanaghi K, Aryanejhad MB. Reducing 
Outpatient Waiting Time: A Simulation Modeling Approach. Iran 



Red Crescent Med ]. 2013;15(9):865-9. 

42. Adeleke R, Ogunwale O, HaUd O. Application of Queuing Theory 
to Waiting Time of Out-Patients in Hospitals. Pac ] of Sci Tech. 
2009;lO(2):270-4. 

43. de Bruin AM, van Rossum AC, Visser MC, Koole GM. ModeUng the 
emergency cardiac in-patient flow: an application of queuing 
theory Heaith Care Manag Sci. 2007;lO(2):125-37. 

44. Thomas SJ. Capacity and demand models for radiotherapy treat- 
ment machines. Clin Oncol (RCollBadiol). 2003;15(6):353-8. 

45. Kembe MM, Onah ES, lorkegh S. A Study of Waiting And Service 
Costs of A Multi-Server Queuing Model In A Specialist Hospital. 
Inter ] of Sci Tech Res. 2012;l(8):19-23. 

46. Mahrous H. The use of queueing theory and computerized queueing 
model to analyze,predict, and modify traffic intensity in a given retail 
pharmacy practice environment. Ann Arbor: Northeast Louisiana 
University; 1998. 

47. Mohammadi M, Shamohammadi M. Queuing Analytic Theory 
Using WITNESS Simulation in Hospital Pharmacy. Inter J of Eng 
Tech. 2012 ;12(6). 

48. Duda C, Rajaram K, Barz C, Rosenthal JT. A framework for improv- 
ing access and customer service times in health care: application 
and analysis at the UCLA medical center. Health Care Manag (Fred- 
erick). 2013 32(3 ):212-26. 

49. Badri MA, Hollingsworth J. A simulation model for scheduling in 
the emergency room. Inter J of Oper Pro Manage. 1993;13(3):13-24. 

50. Ahmed MA, Alkhamis TM. Simulation optimization for an emer- 
gency department healthcare unit in Kuwait. Euro J of Oper Res. 
2009;198(3)36-942. 

51. Weng ML, Houshmand AA, editors. Healthcare simulation: a case 
study at a local clinic. Proceedings of the 3lst conference on Winter 
simulation: Simulation— a bridge to the future. ACM; 1999. 

52. Su S, Shih CL. Managing a mixed-registration-type appointment 
system in outpatient clinics. Inter] of med info. 2003;70(l):3l-40. 

53. Gunal MM, Pidd M, editors. Understanding accident and emer- 
gency department performance using simulation; Simulation 
Conference, 2006 WSC 06 Proceedings of the Winter; IEEE. 2006. 

54. BiJu MK, Naeema K, Faisal U. Application of queueing theory 
in human resource management in health care. ICOQM-10. 
2011:1019-27 

55. Najmuddin AF, Ibrahim IM, Ismail SR. A simulation approach: 
improving patient waiting time for multiphase patient flow of 
obstetrics and gynecology department (O&G Department) in lo- 
cal specialist centre. WSEAS. 20lO;9(lO):778-90. 

55. Ameh N, Sabo B, Oyefabi MO. Apphcation of queuing theory to 
patient satisfaction at a tertiary hospital in Nigeria. Niger Med ]. 
2013;54(l):64-7. 

57 Zai AH, Farr KM, Grant RW, Mort E, Ferris TG, Chueh HC. Queuing 
theory to guide the implementation of a heart failure inpatient 
registry program. J Am Med Inform Assoc. 20 0 9;16(4 ):516-23. 

58. Alpaslan F, Cagcag O, Egrioglu E. Reduction of patient wait- 
ing time by simulations in Ondokuz Mayis University Medi- 
cal Faculty, Department of Neurosurgery. Sci Res and Essays. 
2011;6(5):1063-70. 



Iran Red Crescent Med J. 20i4;i6(3):ei6807 



7 



